To compare and evaluate the validity and reliability of tooth widths and bolton ratios obtained from intraoral scanner and plaster models by Ananthakrishnan, M G
“TO COMPARE AND EVALUATE THE VALIDITY AND RELIABILITY OF 
TOOTH WIDTHS AND BOLTON RATIOS OBTAINED FROM INTRAORAL 
SCANNER AND PLASTER MODELS” 
 
 
 
Dissertation submitted to 
THE TAMILNADU Dr. M.G.R. MEDICAL UNIVERSITY 
 
In partial fulfilment for the Degree of 
MASTER OF DENTAL SURGERY 
 
 
BRANCH V 
ORTHODONTICS AND DENTOFACIAL ORTHOPEDICS 
 
2015 – 2018  
CERTIFICATE – I  
 
This is to certify that Dr.Ananthakrishnan.M.G., Post Graduate student (2015-
2018) from the Department of Orthodontics and Dentofacial Orthopaedics J.K.K. 
Nattraja Dental college, Kumarapalayam, Namakkal District – 638 183, Tamilnadu has 
done the dissertation titled TO COMPARE AND EVALUATE THE VALIDITY AND 
RELIABILITY OF TOOTH WIDTHS AND BOLTON RATIOS OBTAINED 
FROM INTRAORAL SCANNER AND PLASTER MODELS under my direct 
guidance and supervision in the partial fulfilment of the regulations laid down by THE 
TAMILNADU Dr.M.G.R  MEDICAL UNIVERSITY, CHENNAI,  in Branch - V 
ORTHODONTICS AND DENTOFACIAL ORTHOPAEDICS. 
 
 
 
Guide        Principal 
Dr. A. Anand Kumar M.D.S    Dr. A. Sivakumar M.D.S 
Professor & Head of the Department   
 
 
 
Post-Graduate Department of Orthodontics and Dentofacial Orthopedics 
J.K.K. Nattraja Dental college and Hospital, Kumarapalayam; 
Namakkal, Tamilnadu - 638183 
 
CERTIFICATE - II 
 
 This is to certify that this dissertation work titled TO COMPARE AND 
EVALUATE THE VALIDITY AND RELIABILITY OF TOOTH WIDTHS 
AND BOLTON RATIOS OBTAINED FROM INTRAORAL SCANNER AND 
PLASTER MODELS of the candidate Dr.ANANTHAKRISHNAN.M.G., with 
registration Number 241519101  for the award of MASTER OF DENTAL 
SURGERY in the branch of ORTHODONTICS AND DENTOFACIAL 
ORTHOPEDICS. I personally verified the urkund.com website for the purpose of 
plagiarism Check. I found that the uploaded thesis file contains from introduction to 
conclusion pages and result shows 5% percentage of plagiarism in the dissertation. 
 
 
 
Guide & Supervisor sign with Seal. 
  
   
ACKNOWLEDGEMENT 
 
I first take this opportunity to sincerely thank my post graduate guide  
Dr.A.Anand Kumar. M.D.S, Professor and Head, Department of Orthodontics and 
Dentofacial Orthopedics, J.K.K. Nattraja Dental College, for his invaluable council 
and motivation not only for the study but throughout my post graduate curriculum. 
His innovative ideas, strict discipline and perseverance in motivating has helped me 
achieve this goal. I will always be indebted to him for his wholehearted support 
extended to me. 
 
 My sincere thanks to Dr. A. Sivakumar. M.D.S, Principal, J.K.K. Nattraja 
Dental College, who had helped with his advice and immense support throughout my 
postgraduate curriculum. 
 
 I would like to express my sincere thanks and gratitude to Dr. K.Kohila. 
M.D.S, Professor, Department of orthodontics and dentofacial orthopaedics 
J.K.K.Nattraja Dental College, for her priceless guidance and support, she has 
supported me during my entire PG course and also helping me in preparation of my 
dissertation. 
 
 I extend my sincere thanks to Dr. Sathesh Kumar. M.D.S., Reader, J.K.K. 
Nattraja Dental College & Hospital, for his continuous support, guidance and constant 
encouragement  
 I thank Dr. Divakar. M.D.S, Dr. Anuradha Rawat. M.D.S and 
Dr.Kumaran M.D.S., Senior Lecturers for their support and constant encouragement 
throughout the completion of this work.. 
 
 I am extremely thankful to Mrs. Pritty shibu, Assistant General Manager, 
Dentcare dental lab, for giving me an opportunity to do my study in their lab. 
 
 I  am extremely thankful to Dr. Dinesh Nandhakumar , Dr. Sharmila , 
Dr.Nithya , Dr. Pandeeswaran for supporting me  and special mention to my best 
friends Mr Anil George and Jen sam  for all the support throughout my thesis. 
 
I am thankful to my parents Mr R.Manoj, Mrs Geetha Manoj and my sister 
Mrs Reshma Manoj for having given me the strength to choose the right path and for 
my future. 
 
Above all I am thankful to God Almighty and for all his mercy and blessings 
which he showers upon me throughout my life and career. 
 
 
 
 
 
 
 
CONTENTS 
 
S.NO 
 
INDEX 
 
PAGE NO 
 
1 
 
INTRODUCTION 
 
01 – 04  
 
2 
 
AIMS AND OBJECTIVES 
 
05 – 06 
 
3 
 
REVIEW OF LITERATURE 
 
07 – 28 
 
4 
 
MATERIALS AND METHODOLOGY 
 
29 – 38 
 
5 
 
STATISTICAL ANALYSIS 
 
39 – 40 
 
6 
 
RESULTS 
 
41 – 57 
 
7 
 
DISCUSSION 
 
58 – 62 
 
8 
 
SUMMARY AND CONCLUSION 
 
63 
 
9 
 
BIBLIOGRAPHY 
 
 
10 
 
ANNEXURES 
 
 
11 
 
LIST OF ABBREVIATIONS  
 
 
INTRODUCTION 
 
1 
 
INTRODUCTION 
Tooth size discrepancies frequently exist in the human dentition. If a patient 
has a significant tooth size discrepancy, orthodontic alignment of the teeth for ideal 
occlusion may not be successful always. Prior to discovery of different mathematical 
formulation, diagnostic plaster set-ups were the only diagnostic tool available. Due to 
its convenience and relative usefulness, Bolton analysis is widely used nowadays. 
  In 1902, Dr.G.V.Black measured the mesiodistal width of a large number of 
human teeth and also tabulated their mean dimensions for each tooth.1 These tables 
are considered as an important research reference even now. So the success of 
achieving excellent post treatment occlusion depends on the orthodontist knowledge 
in tooth size discrepancy which is an essential diagnostic aid. Successful orthodontic 
treatment requires a detailed planning and model analysis. It has been recommended 
that the gold standard for tooth width measurement is done by using vernier caliper.   
  Bolton’s analysis was introduced in 1958 by W.A.Bolton, and was used to 
determine the tooth size anomalies and is being used as a diagnostic aid in treatment 
planning. He conducted a study on models of 55 random patients with an excellent 
occlusion and measured the mesiodistal width of all the permanent teeth excluding 
second molars and third molars. From Bolton’s study two clinically significant ratios 
were derived, which compared the sizes of the upper permanent dentition to the lower 
permanent dentition. The first ratio was the overall ratio which involves the 
measurement from the first molar to opposite first molar in both jaws inclusively. The 
second ratio was the anterior ratio which involves the tooth width measurements from 
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canine to canine inclusively for both jaws. Bolton’s analysis was widely used to assess 
the tooth size discrepancy for achieving an excellent occlusion at the end of the 
treatment.2  
 Plaster models provide a three-dimensional view of the occlusion, allowing 
professionals to assess the models obtained during clinical examination without 
interference from soft tissues of the mouth, which facilitates the study of a case.3 
 There have been significant advances in computer science and these advances 
are utilized in dental practice specifically for diagnostic purpose. 3D scanners are 
devices used to convert volumetric objects into 3D digital images. In other words, 
they analyze a real-world object and collect data on its shape and appearance, turning 
it into a three-dimensional digital file. Different technologies have been developed to 
build 3D scanning devices, each have their own advantages and disadvantages 
 After Bolton, many investigators conducted various studies to analyze the 
variation in Bolton’s ratio in different groups of population and racial ethnic groups. 
Over the past decade, the speciality of orthodontics has witnessed a marked 
development in the use of 3- dimensional digital models for the purpose of diagnosis, 
treatment planning and storage. The latest innovation is direct generation of 3-
dimensional models using intraoral scanner, a chair side unit to scan the patient’s 
dentition directly which is composed of hand held camera (hardware), a computer and 
software4. 
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 On the other hand, digital models eliminate the obstacles encountered with 
plaster models. They are not subjected to any physical damage and they do not create 
any dust. Storage space is comparatively negligible. Digital model retrieval will be 
very fast and efficient. Digital models can be viewed from multiple locations from 
any dental office, allowing patients to be treated at multiple sites with easy access to 
their records.4 
 The Digital models can be created by two methods, namely direct and indirect 
methods. The direct method for the development of virtual models is either the direct 
scan of the dentition with an intraoral scanner. Indirect method requires additional 
steps, such as impression and pouring of the models in plaster before it is captured 
into a digital format. The scanning of an impression or plaster cast can be done using 
laser and structured light. For indirect method, the transition from physical to digital 
records brings all the digital format advantages but no additional diagnostic data. 
 Trios Pod 3Shape intraoral scanner is a wireless intraoral scanner for fast and 
easy 3D impression taking, producing realistic color intraoral photographs for easy 
way of communication with patients. 3 shape industries provide its own software for 
determining various analysis and aids in treatment planning. 
 Intraoral scanning using trios was an easy and comfortable process that does 
not ruin scan accuracy and adding material into the teeth surfaces. It requires a 
minimal amount of training for use in clinical practice. The scanner captures over 
3000 2D images per second which is 100 times faster than a conventional video 
camera. In this study, Trios Pod 3Shape intraoral scanner is used, which captures full 
arches on the occlusal aspect as input for digital study model. It also includes 3shape 
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OrthoAnalyzer (version: 20151.6.1.1) software allowing clinics to perform treatment 
simulations, virtual setups and analyses on the scanned model.  
 The 3Shape OrthoAnalyzer software also includes a tool to visualize the 
technician’s solutions for the patient. An open communication interface allows the 
dentists to send the scanned data through the internet to the laboratory of their choice. 
 Conventional methods of impression taking include the use of impression 
materials which are dimensionally stable. Zhermack neocolloid Alginate is used for 
this study which has high thixotropy, accuracy in the reproduction of details and has a 
dimensional stability from 48 to 120 hours. 
 Zhermack elite p & p polyvinyl siloxane impression materials are presented in 
the form of two pastes (a base and an accelerator).They show the smallest 
dimensional change on setting and possess a shelf life upto 3 years. Polyvinyl 
siloxane impression materials indicate that they produce highly accurate impressions 
because they reproduce fine surface detail, and have excellent elastic recovery, 
adequate tear strengths, and exceptional dimensional stability.5 
 It has become essential for assessing the reliability of tooth size-arch length 
discrepancy measurements performed on three-dimensional digital models and 
compare the measurements with those obtained from plaster models by means of 
traditional methods. There hardly any studies in literature that compares plaster 
models and digital models, so this study was done by comparing two impression 
materials derived plaster models along with digital models obtained from intraoral 
scanner to measure the tooth widths and Bolton’s ratios. 
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AIMS AND OBJECTIVES 
AIM OF THE STUDY 
 The aim of the study is to compare and evaluate the validity and reliability of 
tooth width measurements and Bolton ratios made with intraoral dental scanner and to 
compare it to tooth width measurements and Bolton ratios among alginate impression 
material retrieved orthokal models, polyvinyl siloxane retrieved orthokal models and 
the digital values attained from OrthoAnalyzer software. 
OBJECTIVES 
1. To evaluate the validity of intraoral dental scanner (3shape Trios Pod) and its 
associated OrthoAnalyzer software in measuring tooth width and Bolton’s 
ratio. 
2. To evaluate the reliability of intraoral dental scanner (3shape Trios Pod) and 
its associated OrthoAnalyzer software in measuring tooth widths and Bolton’s 
ratio. 
3. To evaluate the tooth width measurements and Bolton ratios in a group of 
orthokal models derived from alginate impression material. 
4. To evaluate the tooth width measurements and Bolton ratios in a group of 
orthokal models derived from polyvinyl siloxane impression material. 
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5. To compare the tooth width measurements and Bolton ratios between the 
digital values attained using intraoral scanner and the caliper values attained 
from orthokal models derived from alginate impression material and polyvinyl 
siloxane impression material. 
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REVIEW OF LITERATURE 
 Neff6 (1949) stated the ratio of anterior maxillary tooth structure to anterior 
Mandibular tooth structure on the basis of cumulative measurements of the maximum 
mesiodistal crown widths. The relationship between this ratio and the final overbite 
status was stressed. If a case had a less than ideal ‘anterior coefficient’, a less than 
ideal result could be expected in the anterior segment of the finished case. Neff 
suggested reduction of tooth mass by interproximal stripping or by extraction to create 
a balance in the anterior tooth structure 
 Bolton2 (1958) on 55 patients casts with an excellent occlusion from 44 
orthodontically treated with non extraction and 11 untreated subjects studies are 
made. He compared mesiodistal tooth size ratio of maxillary to Mandibular teeth from 
right first molar to left first molar and for anterior segments from canine to canine. He 
established ideal ratios of anterior and overall maxillary and Mandibular tooth size. 
The 12 Mandibular teeth as compared to the 12 maxillary teeth and ratio was 91.3+_ 
0.26. The ratio was 77.2 +_ 0.22 for the 6 Mandibular anterior teeth as compared to 
the 6 maxillary anterior teeth. Bolton concurred with Neff that the well finished case 
involved the proper balance of the tooth structure. 
 Bolton7 (1962) determined whether to reduce the tooth structure by proximal 
stripping or addition of tooth tissue by restorative techniques so  the amount of tooth 
size differences and provided required information for an orthodontist,. Variation in 
REVIEW OF LITERATURE 
 
8 
 
mesiodistal width of the maxillary and Mandibular dentitions is not the same among 
World population and also not the same for all the sex and population. 
 Lavelle1 (1972) the study stated that the mesiodistal crown diameters and 
overbite percentage were determined. By comparing the mesiodistal crown diameters 
of 120 maxillary and Mandibular teeth in 3 major racial groups Caucasoid, mongoloid 
and Negroid. The conclusion of the study stated that the mesiodistal crown diameters 
and overbite percentage were determined. Average mesiodistal crown diameter was 
greater in Negroid than in Caucasoid, with that for mongoloids being intermediate. 
Tooth dimensions were greater in males than females. 
 Robert M Coleman et al8 ( 1979) evaluated the dimensional stability of four 
irreversible hydrocolloid impression materials to appraise the accuracy of alginate 
impressions, that were subjected to that 5 different storage methods prior to be poured 
including : 1) immediate pour following removal of the plaster model; 2) 10-minute 
storage in a wet paper towel ; 3) 1 hour storage in a wet paper towel ; 4) 24 hour 
storage in a wet paper towel in a refrigerator at 40 degree ; and 5)  30 minute storage 
on a countertop without the wet paper towel. Comparing the above methods 
immediate pour method produced the most accurate casts than the other four storage 
methods. The 24 hour storage in wet paper with refrigeration was the least desirable 
method of storage. 
 S.Richmond3 (1987) described a method  to record the three-dimensional 
relationship of the teeth within the dental arches using variables such as overjet, overbite, 
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center-line discrepancy, mesiodistal widths, three and two dimensional intercanine and 
incisal angles, occlusal plane construction, intercanine and intermolar distances, parabolic 
curve length, discrepancy measurements including arch discrepancy and parabolic curve 
discrepancy using Reflex metrograph . This analysis successfully illustrates and 
quantifies about the characteristics of a given malocclusion which is both consistent and 
reproducible. The analysis would be desirable to make consistent assessment in 
orthodontic cases in the clinical setting or for use as a research tool and can describe the 
dental cast in the three planes of space and could be useful as a record of the dental cast to 
alleviate the problems of storage. 
 Unae Kim Han et al9 (1991) evaluated how incremental information obtained 
from different types of diagnostic records contribute for orthodontic treatment 
decisions. In this study, pretreatment records of 57 orthodontic patients at three 
different development stage of class II division I malocclusion were chosen by 
stratified random selection process and assessed by five orthodontist.  The study 
models alone provided adequate information for treatment planning and addition of 
information from other types of diagnostic records like facial photograph, panoramic 
radiograph and lateral cephalogram and its tracings have made small differences 
above study concluded that in majority of 55 % of cases  
 W.Craig Shellhart et al10 (1995) evaluated the reliability of the Bolton’s 
analysis when performed with needle point dividers and a boley gauge .Four 
clinicians measured the teeth on 15 sets of casts with two instruments at two sessions. 
Measurements were used to calculate tooth size excess. To evaluate the measurement 
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error, the difference between the two analysis made by the same investigator on the 
same sets of dental casts were calculated. Boley gauge demonstrated a higher 
frequency of significantly correlated repeated measures and it is more reliable than 
needle point dividers.  Demonstrated that clinically significant measurement errors 
can occur when Bolton tooth size analysis is performed on casts with atleast 3mm of 
crowding.  
 John E Freeman et al11 (1996). It was being performed on 157 patients who 
accepted for treatment in two methods namely mesiodistal measurements using boleys 
gauge and arch length comparison and tooth size discrepancy. Determined the 
percentage of orthodontic patients who present with an interarch tooth size 
discrepancy likely to affect treatment planning or results  As a result with such a high 
frequency of discrepancies to perform a tooth size analysis and the findings are 
incorporate orthodontic treatment planning. 
 Ursus R schirmer et al12 (1997) evaluated the accuracy and reliability of 
space analysis when performed manually with vernier calipers and digitally using 
Photostat of the models. Two investigators independently measured 100 study models 
with Angles class I malocclusion the result of the study demonstrated that three 
dimensional orthodontic dental casts cannot be accurately reproduced by photocopies 
and space analysis made from the photocopies and space analysis made from the 
photocopies are also not accurate 
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 Nobuyoshi Motohashi al13 (1999) established a 3-dimensional computer 
aided design (CAD) system for the diagnostic set-up of cast. They are used in 
orthodontic diagnosis, treatment planning and its preliminary clinical applications. 
When compared with handmade setup models the computed diagnostic models have 
advantages such as high speed processing and quantitative evaluation on the amount 
of 3D moment of individual tooth relative to the craniofacial plane. This system 
facilitated the complicated and time consuming mock surgery for treatment planning 
in orthognathic surgery and to make diagnostic cast for cleft lip and palate. The 
conclusion of this study was that, this system can be used for treatment planning and 
diagnosis and also it saves the time and labour required to make the diagnostic cast. 
 Marianne Heusdens et al14 (2000) compared the anterior and overall tooth 
size ratio reported by Bolton to values reported in epidemiologic studies and assesses 
the accuracy of tooth size discrepancy measurements. They also investigated up to 
what extent the generalized tooth size discrepancies affect the occlusion, effect of 
leveling the curve of spee and effect of extraction of premolars on occlusion. They 
concluded that there was no significant different in the effect of generalized tooth size 
discrepancies appear to be limited 
           Smith SS et al15 (2000) evaluated whether Bolton’s interarch ratios extended 
across three populations – whites, blacks or Hispanics. They collected preorthodontic 
casts of 180 patients and digitized forty eight mesiodistal contact points in each 
models. They observed that the arch segments of males were significantly larger in 
males than in females. They concluded that the interarch tooth size relationships 
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were population and gender specific and the Bolton’s ratios can be applied to white 
males only and it should not be indiscriminately applied to white males, blacks or 
Hispanics. 
 James J Tomassetti et al16 (2001) compared the accuracy of performing 
Bolton’s tooth size analysis measurements made with vernier caliper and with 3 
different computerized methods: Quick Ceph Image Pro computer program, 
Hamilton Arch Tooth system and OrthoCAD software. 22 sets of models were used 
for comparison. The study concluded that, significant differences were present for 
the time needed to complete the analysis. Quick Ceph was the quickest followed by 
HATS, OrthoCAD and QuickCeph. The study concluded that no statistically 
significant differences existed between the methods used to measure tooth-size 
discrepancies with Bolton analysis. However, clinically significant differences were 
evident for all methods. 
 A. Bell et al17 (2002) evaluated the accuracy of 3 dimensional digital models. 
The study models were captured in 3 dimensions using a photostereometric 
technique. The advantages of the digitized models were that it could be viewed from 
various angles and positions, and measurements can be made to precision of 0.27 
mm. Related to the operator positioning there was variation in measurements. The 
measuring points on the digitized casts (0.02-0.14mm) which were less than the 
manual measurement variation (0.14- 0.48mm). The conclusion was that 3D imaging 
of study models can be used for treatment monitoring and research with a 
satisfactory degree of accuracy and also the mass storage was reduced by digital 
models. 
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 Margherita Santoro et al18 (2003) conducted a study comparing 
measurements made on digital models with that of plaster models. Digital imaging of 
dental casts were made using OrthoCAD. In this study the extent and limitations of 
the accuracy, reliability, efficacy, and effectiveness of measurements made from 
computer based models have been demonstrated. The study concluded that the tooth 
width and overbite measurements made on plaster and digital models showed 
statistically significant differences and the magnitude of the differences are not 
clinically relevant thus the digital models seem to be clinically acceptable alternative 
to stone cast for the routine measurements used in orthodontic practice. 
 Budi Kusnoto et al19 (2003)  using the Minolta Vivid700 3D surface laser 
scanner (Minolta USA, Ramsey, NJ) they  assessed the reliability of generating 3D 
object reconstructions By using  geometrical calibrated cylinder, a dental study 
model, and a plaster facial model accuracy and reproducibility were tested. Results 
suggest that the surface laser scanner has great research potential because of its 
accuracy and ease of use. Treatment changes, growth, surgical simulations, and many 
other orthodontic applications can be approached 3-dimensionally with this device. 
Laser 3d surface scanner generates accurate 3d data. Self-corrected mechanism of the 
laser scanner in adjusting for image distortion gives flexibility for clinical research. 
The spread of the laser beam over the object makes the scanner work more 
accurately for smaller objects than for larger objects. 
 Oded Zilberman et al20 (2003) conducted a study to compare the tooth size 
and arch width measurements made using caliper and 3 virtual orthodontic models. 20 
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plaster and 20 virtual orthodontic models were made from artificial teeth 
corresponding to various malocclusions. Measurements of mesiodistal tooth 
dimensions as well as intercanine and intermolar width were obtained from both the 
models.  The conclusion of the study was that the OrthoCAD measurements showed 
high accuracy and reproducibility, but was inferior to measurements done on plaster 
models with digital calipers and showed that more suitable method of measurement 
was using digital calipers.  
 Meredith L. Quimby et al21 (2004) determined the accuracy, reproducibility 
of measurements made on computer-based models. Plastic models served as a gold 
standard to evaluate the systematic errors. Reproducibility was high for measurements 
made on both computer-based and plastic models. The study concluded that 
measurements made from plastic model is less accurate when compared with 
computer based models 
 Mathew J.Peluso et al22 (2004) described about digital models and their 
advantages. Two major computerized model systems named OrthoCADTM and 
emodelsTM were compared relative to the technology used to generate this models, 
software capabilities and additional services. The most useful feature of the emodels 
software is the eplan. This feature enables the clinician to stimulate any desired 
treatment option by using a virtual diagnostic setup. Both OrthoCAD and emodels 
software program were self-explanatory and did not require any special training 
sessions. The study concluded that the digital models are accurate, efficient, and easy 
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-to-use alternative to plaster models. The digital models allow precise measurements 
and visualization of proposed treatment outcomes.  
 Matthew Mayer’s et al23 (2005) compared Peer Assessment Rating (PAR) 
occlusal index scores derived from digital models with scores from plaster models of 
same patients. 48 pairs of plaster models and digital pretreatment models were chosen 
and a single examiner calibrated the measurements. The result obtained has no 
significant differences between PAR score calculated from digital models and stone 
models. The study concluded that PAR score derived from digital models were valid 
and is reliable measurements of occlusion. 
 Brian Rheudea et al24 (2005) made a study to compare the diagnosis and 
treatment planning value of digital models and plaster study casts. Thirty randomly 
selected orthodontic patients were selected for this study. Of 30 patient records, seven 
were selected and presented to the American Board of Orthodontics. Based on 
orthodontic experience 2 groups of orthodontists were selected to evaluate the 
Records of each patient’s record. Each evaluator was given a standardized 
questionnaire which recorded the evaluator’s diagnosis based on use of the digital 
models. The conclusion was that in the vast majority of situations digital models can 
be successfully used for orthodontic records. 
 Paredes et al25 (2006) conducted a study to estimate the anterior and overall 
Bolton’s ratio in Spanish population. 100 sets of study dental casts were included in 
the study and mesiodistal dimension were measured using digital and caliper methods. 
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Anterior and over all Bolton’s ratio was calculated. The results obtained from digital 
and traditional methods of measurement were compared with each other. He 
concluded that digital method is sensitive, accurate and faster and easier to evaluate 
Bolton’s ratio and it offers all the advantages associated with computer methods such 
as the storage of images and data for subsequent use. 
 Talat Al Gunaid26 (2006) conducted a study on 176 subjects aged 13-25 years 
with different types of malocclusions to determine the mean mesiodistal tooth size 
width and Bolton’s anterior and overall ratios. Possible differences between the sexes 
and studied the frequency of tooth size discrepancies among Yemeni population were 
also included in the study and the mean mesiodistal tooth size width and Bolton’s 
ratio were determined. They concluded that males had significantly larger teeth than 
females and there was no significant difference between Bolton’s ratio and that of 
yemani population. 
 Joshua L Whetten et al27 (2006) compared the orthodontic treatment 
planning decisions of class II patients between virtual 3 dimensional models and 
traditional plaster study models. Ten sets of class II malocclusion subjects were used 
for treatment planning by 20 orthodontists on 2 separate occasions. Digital models 
were used to evaluate the patients at one session and plaster models were used another 
session. They established a statistically not significant difference in interpreting 
treatment-planning agreement for class II malocclusions based on the use of digital 
models in place of traditional plaster models and digital models are a valid alternative 
to traditional plaster models. 
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 Toshiya endo et al28 (2007) determined the anterior and overall tooth size 
ratios in Japanese population and compared them with Bolton’s ratios. And there was 
no statistically significant difference between men and women was found in either the 
anterior or overall ratio in samples of 60 pairs of dental casts of 30 male and 30 
female Japanese orthodontic patients and in that the mesiodistal width of first molar to 
first molar were measured on each cast using digital caliper and the anterior and 
overall tooth size ratios were calculated. They concluded that the specific standard 
tooth size ratios for the Japanese population are needed and Bolton’s anterior ratio is 
not applicable to the Japanese population. 
 Jennifer Asquith et al29 (2007) examined the accuracy and reproducibility of 
measurements made on digital models. Orthodontic study models were scanned using 
the Arius3D Foundation System and three-dimensional (3D) images were produced 
by computer software. Two examiners individually measured 11 parameters on the 
conventional casts and the digital models on two occasions. Most parameters on the 
digital models can be reliably measured, and digital models can potentially eliminate 
the requirement for the production and storage of dental casts, but this will depend on 
cost. 
 Andrew P. Keating et al30 (2008). To record the surface detail of plaster 
study model and to evaluate the accuracy and reproducibility of 3D optic laser 
scanning device. Study was conducted using 30 dental study models, captured three-
dimensionally, and using a commercially available Minolta VIVID 900 non-contact 
3D surface laser scanner, a rotary stage and Easy 3DScan integrating software. On 
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two separate occasions, later models were used to recode directly 3D digital surface 
models. Physical replicas of two digital models were also reconstructed from their 
scanned data files, using a rapid prototyping (RP) manufacturing process, and directly 
evaluated for dimensional accuracy. The mean difference between measurements 
made directly on the plaster models and those made on the 3D digital surface models 
was not statistically significant. The Minolta VIVID 900 digitizer is a reliable device 
for capturing the surface detail of plaster study models three dimensionally in digital 
format accuracy cannot be reproduced from scanned data using the RP technique 
described  in a digital format but physical models of appropriate detail  
 Maurio Sedda et al31 (2008) evaluated the effect of storage temperature on 
accuracy of casts made from 5 different alginate impression materials. Five alginates 
tested were: CA 37, Jeltrate, and Jeltrate plus, Hydrogum 5 and Alginoplast. A master 
model was mounted on a special device and used to obtain the impressions. These 
impressions were stored at 23 degree Celsius and 100 percent relative humidity, then 
poured with gypsum immediately, and again after 24,72 and 120 hours. The study 
concluded that the dimensional stability of the alginate impressions was influenced by 
the selected material and the storage time. 
 Michel Dalstra et al32 (2008) compared the accuracy and reproducibility of 
measurements performed on digital virtual models with those taken on plaster casts 
from models poured immediately after the impression was taken, the ‘gold standard’, 
and from plaster models poured following a 3–5 day shipping procedure of the 
alginate impression. After direct comparison of two measuring techniques. A number 
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of measurements were performed on the plaster casts with a digital caliper and of the 
corresponding digital models using the virtual measuring tool of the accompanying 
software.  Sending alginate impressions by mail does not affect the quality and 
accuracy of plaster casts poured from them afterwards. Virtual measurements 
performed on digital models display less variability than the corresponding 
measurements performed with a caliper on the actual models. 
 Jed C. Hildebrand, et al33 (2008) Gold standard for evaluating plaster casts 
of completed orthodontic cases done by American Board of Orthodontics’ objective 
grading system (ABO OGS. Thirty  six cases of finished orthodontic casts were 
selected in plaster and digital form were scored using 2 methods namely an  electronic 
version of the ABO OGS designed to be used with digital cast and the ABO gauge 
designed to be used with plaster casts. Results showed that Intraexaminer reliability 
was high for both the plaster and the digital casts. It was concluded that the results 
indicate that this computer version of the ABO OGS cannot be used as a substitute for 
manual grading with the ABO ruler but the digital casts are inaccurate when in 
occlusion. They interfere with the measurements like overjet and over bite. 
 Gilda Torassiana et al34 (2010) compared the dimensional stability of four 
impression materials over time and to compare OraMetrix digital models vs 
traditional plaster models. Two traditional alginates and two alginate substitutes were 
used to take multiple impressions of a maxillary typhodont. Fifteen impressions for 
each material were taken and poured with plaster at three time points: 72 hours, 120 
hours, and 1 week. Five impressions for each material were taken and were sent to 
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OrthoProof for digital model reproduction at 72 hours using OraMetrix software. 
Plaster and digital models were measured in all 3 dimensions. The control typhodont 
and plaster models were measured using a digital caliper, and digital models were 
measured using OraMetrix software. Digital models were significantly smaller in all 
dimensions compared with plaster models and the control. Identical impression 
material showed a statistically and clinically significant change in all dimensions 
within 72 hours and therefore should not be used if impressions are not going to be 
poured immediately. Alginate substitutes were dimensionally stable over an extended 
period. Digital models produced by OraMetrix were not clinically acceptable 
compared with plaster models. 
 S. Russell Mullen, et al35 (2009) determined the accuracy and speed of 
measuring the overall arch length and the Bolton ratio, and the time to perform a 
Bolton analysis for each patient by using software compared with hand-held plaster 
models. The mesiodistal width of 30 patient models from which of each tooth from 
first molar to first molar was measured to the nearest 0.1 mm with digital calipers, and 
the Bolton ratio was calculated for each patient. As a result, there was no significant 
difference between the Bolton ratios calculated with the 2 methods. A significant 
difference in arch length calculations was found between the2 methods, but it was 
within the range of error found in this study and was considered clinically 
insignificant. These results suggest that, when performing a Bolton analysis, the 
emodels can be as accurate as, and significantly faster than, the traditional method of 
digital calipers and plaster models. 
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 Aaron J. White, et al36 (2010) evaluated the accuracy and reproducibility of a 
3 dimensional optical laser scanning device to record the surface detail of plaster 
study models. They also evaluated the accuracy of two physical model replicas 
constructed from 3 d digital files using Stereolithographic randomly selected 30 
dental study models were scanned and linear measurements on 3 planes are recorded 
between landmarks directly on plaster models and indirectly on digital models. The 
study concluded that measurement of the captured on screen 3d digital surface models 
was reproducible. The detail and accuracy of reconstructed models using 
Stereolithographic may not be sufficient and the techniques need to be improved. 
 K. Bootvong, et al37 (2010) assessed the feasibility of virtual models as an 
alternative to orthodontic plaster models.  From the patient seeking orthodontic care 
the plaster model and corresponding dental model of 80 patients in the permanent 
dentition were randomly selected. Inter-examiner error was assessed by measuring 
tooth width, overjet, and overbite, intermolar width, intercanine width, and midline 
discrepancy. Criterion validity and Test–retest reliability was determined. Comparison 
analysis was assessed by calculating the mean directional differences and 
standardized directional differences. Good criterion validity was indicated by 
agreement between the results from the plaster and virtual models. There were 
substantial agreements for canine and molar relationship classifications. The results 
suggest that analysis performed on virtual models is as valid as traditional plaster 
models for intra- and inter-arch relationship. 
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 Barbara Wedrychowska- Szulc et al38 (2010)  On 600 pretreatment study 
casts of 262 males and 338 females aged from 12 to 25 years conducted a study to 
compare overall and anterior bolton ratios in different malocclusion groups with 
Bolton‘s standards and he fulfilled the inclusion criteria that were included in this 
study. They concluded that Bolton ratios in patients with malocclusion differ from 
Bolton’s standards, and it is necessary to calculate the Bolton’s ratio in all orthodontic 
patients especially in males with a class III malocclusion. 
 Siddik Malkoc et al39 (2010) conducted a study to establish normative data 
for mesiodistal crown dimensions with respect to malocclusion and gender differences 
in Turkish sample. The sample consisted of randomly selected 100 individuals whom 
were assigned to 3 malocclusion groups, according to angles system of classification. 
An electronic digital caliper was used to measure the mesiodistal tooth width. They 
concluded that a significant relationship was found between mesiodistal tooth size, 
angles malocclusion and gender. 
 Singla Anil et al40 (2010) given the results that the overall ratio was 92.42 for 
males, and 91.62 for females. The anterior ratio was 77.89 for males and 77.45 for 
females. On conducting a study to establish the mean overall ratio (OR) and anterior 
ratio (AR) of the Bolton analysis in 100 Himachali subjects from ages 18-22 years. 
They concluded that inter arch tooth size relationships are population specific. 
 Heather M. I. et al41 (2010) determined the best technique for measuring 
mesio-distal tooth widths on digital models. The individual mesio-distal tooth widths 
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were measured on 32 stone casts and corresponding digital models. The digital 
models were measured using five different techniques: occlusal aspect, occlusal 
aspect zooming in on each individual tooth, facial aspect rotating as needed, facial 
aspect from three standard positions (R buccal, facial, and L buccal), Measurements 
were repeated three times at least 1 week apart. The operator time needed to complete 
each set of measurements was recorded. Four of five digital measurement techniques 
showed a slight positive bias compared with stone cast measurements. Measuring 
from the occlusal aspect resulted in the greatest Pearson correlation. The best 
combination of accuracy, repeatability, and speed of measurement is the occlusal 
measurement technique  
 Ahmed Ghoneima et al42 (2011) concluded that CBCT has become widely 
available and acceptable by the orthodontic community especially as the radiation on 
exposure and cost decreases. In which he described the current advances of three 
dimensional imaging and software .The digital models allow clinicians to obtain 
additional  diagnostic information that are not available with the use of plaster models 
such as root shape ,position and angulations.  
 Anne Margreet Ret al43 (2012) determined the validity and reproducibility of 
measurements on Stereolithographic models and 3-dimensional digital dental models 
made with an intraoral scanner. Ten dry human skulls were scanned; from the scans, 
Stereolithographic models and digital models were made. Measurements were taken 
from transversal distances, mesiodistal tooth widths, and arch segments on the skulls 
and the Stereolithographic and digital models. All arch length discrepancy and tooth 
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size discrepancy were calculated. Statistical analysis was performed by using paired t 
tests. For the measurements on the Stereolithographic and digital models, statistically 
significant differences were found. Digital models had fewer statistically significant 
differences and generally the smallest duplicate measurement errors compared with 
the Stereolithographic models. 
 Ankur Kansalet al44 (2012) concluded that Bolton’s ratio in patients with 
malocclusion differ from Bolton standard. On comparing the overall and anterior ratio 
in different malocclusion groups with Bolton’s standard. With 509 pre treatment casts 
were compared with the standard Bolton’s value. Comparison were done among those 
two groups. 
 Matthew G.Wiranto et al5 (2013) evaluated the validity, reliability, and , 
reproducibility of digital models obtained from the lava chair side oral scanner and 
cone beam computed tomography scans of alginate impression for tooth- width 
measurements and the Bolton analysis. The study concluded both intraoral scanning 
and cone beam computed tomography scanning of alginate impressions of valid, 
reliable and reproducible method to obtain dental measurements for diagnostic 
purposes. And the methodology is for each of 22 subjects a Digital model, an intraoral 
scan, and a plaster model was made. Tooth –width measurements on the digital 
models and the intraoral scan were compared with those on the corresponding plaster 
models (gold standard). Intraclass correlation coefficients were calculated to 
determine the Intraexaminer reliability of the measurements of each method. The 
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anterior and overall Bolton ratios were calculated for each participant and for each 
method. The paired T test was used to determine the validity. 
 Ruhi Nalcaci et al45 (2013) compared the accuracy reproducibility, efficiency 
and effectiveness of Bolton analysis and tooth size measurements of conventional and 
three dimensional orthodontic models. 20 digital models were produced by the ortho 3 
dimensional models Laboratory and the software was used to obtain measurements. 
Identical plaster models were used and measurements of teeth with a vernier caliper 
were obtained. The maximum mesiodistal width of each study model from first molar 
to first molar were measured. The result showed that there was statistically significant 
difference between the measurements obtained for width of six anterior teeth and 12 
overall teeth using plaster and digital models. The study concluded that the accuracy, 
reproducibility and effectiveness of ortho 3 dimensional models are clinically 
acceptable. 
 Puish Kumar et al46 (2013) evaluated the Bolton overall ratio in a north 
Indian population reporting for orthodontic treatment and determined the effect of 
extractions on the Bolton ratios. They also evaluated the effects of different extraction 
patterns on the final Bolton ratio. One hundred and twenty pretreatment dental casts 
of orthodontic patients were selected randomly. Before treatment Mesio–distal 
dimensions of the mandibular and maxillary teeth were measured, and subjected to 
Bolton’s analysis. The results showed that the tooth material ratio of the studied north 
Indian population shows a mild maxillary tooth material excess. Extraction of 
premolars in any combination causes the maxillary tooth material to increase further 
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.They concluded that the maxillary tooth mass may increase after extraction on the 
normal or the clinically significant tooth size discrepancies may change following 
extraction of teeth. 
 Sashi Bhushan Ekka et al47 (2014) conducted a study by using 160 
pretreatment study cast and to determine Bolton’s anterior and overall and posterior 
ratio between males and females specific to Kerala population and compared it with 
Bolton’s values by measuring the mesio-distal width of the tooth using digital Vernier 
caliper. The conclusion of the study was  that the Bolton’s analysis can also be used 
on Indian or least Kerala population but with increased standard deviation. 
 Narender Hasija et al48 (2014) conducted a study to determine any difference 
in tooth size discrepancy in anterior as well as overall ratio in different malocclusion 
and compared it with Bolton’s study. Mesiodistal widths of 100 patients were 
measured and Bolton’s analysis was performed. The results showed the standard 
deviation of the malocclusion group was higher than the mean when compared to 
Bolton. They concluded that Bolton’s analysis is applicable to all cases irrespective of 
type of malocclusion and remains as essential investigation before starting the 
treatment for post treatment stability of arches. 
Hye Ran Park et al49 (2015) evaluated the change in view on intraoral 
scanners among the dental hygienists after training. They compared itero and trios 
scanners for 12times over 4 sessions. The Parameters includes difficulty to use, the 
patient discomfort awareness, preference and clinical usefulness of intraoral scanners 
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and comparison between them. The results indicated that both itero and trios groups 
gave positive feedback on anticipated accuracy, efficacy and clinical usefulness. 
 Heeralal Chokotiya et al50 (2016) conducted a study on 70 orthodontic 
patients who were randomly selected with the age group of 12 to 18 years and 
mesiodistal width was measured to determine whether the mean overall and anterior 
ratio of Bhopal population would significantly differ from Bolton’s value which was 
done on Caucasians. The conclusion of the study was that no significant differences 
among the genders for anterior and overall ratios but there is a higher significance in 
the anterior ratio from Bolton standard while the overall ratio was not significantly 
different.  
 Ganesh Mahankudo et al51 (2016) obtained the Bolton’s ratios norms in 100 
Karnataka subjects and compared it with the overall ratio and anterior ratio of the 
Bolton analysis. Mesiodistal tooth dimensions were measured from right first 
permanent molar to left first permanent molar in maxillary and mandibular arches 
with the help of digital vernier caliper. Anterior and overall ratios were calculated for 
each model. The results showed a statistically significant difference between the 
overall ratio and anterior ratio of Karnataka subjects and Caucasian subjects. There is 
a variation in the interarch tooth size relationship and it is specific. 
Tolga sakar et al52 (2017) evaluated the accuracy of measurements on 3D 
models obtained with a CBCT and digital scanner, comparing with analog dental 
plaster casts and therefore determine whether the aforementioned digital models could 
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be implemented in dental education. A total of 120 archived maxillary plaster models 
were digitized by using two different CBCT techniques, (NewTom, and 3G Planmeca 
ProMax 3D), and Cerec Omnicam Digital Scanner, Sirona. The intraclass correlation 
coefficients for all measured variables showed high reliability. The mean differences 
for arch width such as inter-canine, inter-premolar and inter-molar as well as 
mesiodistal width measurements exhibited a mean difference value higher than 0.3 
mm (p˂.05). Digital models acquired from plaster casts were reliable for clinical 
orthodontic practice. Therefore, the use of digital models provides a reliable 
alternative to plaster models and it can be used in dental education. 
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MATERIALS AND METHODOLOGY 
 Ethical clearance for this study was granted by the Institutional ethical board 
committee of J.K.K.Nattraja Dental College and hospital, Namakkal, Tamilnadu. The 
impression making and digital scanning were conducted in Dentcare Dental Lab, 
Moovatupuzha, and Kerala. In this study, Fourty patients were selected and informed 
consent was obtained 
The inclusion criteria were: 
(1) Full permanent dentition from right first molar to left first molar in both upper 
and lower arches. 
(2) Participants should not be under orthodontic treatment. 
(3) No severe crowding in the dentition. 
(4) No missing or heavily restored teeth. 
(5) No teeth with large carious lesions / enamel defects that affect the morphology 
of crown. 
 
Procedure: 
 Models were collected using three methods. First maxillary and mandibular 
alginate impressions were taken and poured in orthokal stone. Second polyvinyl 
siloxane impressions were taken among the same patients. Model pouring was done 
within 24 hours to minimize any dimensional change of the impression material. 
Third, the patient's dentition was scanned using Trios Pod 3Shape intraoral scanner. 
After scanning, the electronic files were transmitted to Dell Optic 7040 computer 
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system for processing into digital models. The analyses of digital models were done 
using OrthoAnalyzer software. Analysis of alginate and polyvinyl siloxane retrieved 
models were done manually using Aerospace digital vernier caliper. The Grouping of 
the samples is as shown in Table: 1 
Table 01: 
Group No. of subjects Modality 
Group I 40 subjects Alginate impression retrieved Orthokal 
models 
Group II 40 subjects Polyvinyl siloxane impression retrieved 
Orthokal models 
Group III 40 subjects Trios Pod 3shape with OrthoAnalyzer 
software  
 
Materials used for the study includes: 
1) Impression trays ( Dentaurum ) 
2) Alginate impression material ( Neo colloid Zhermack) 
3) Polyvinyl siloxane impression material ( Elite P & P hydrophilic) 
4) Orthodontic  stone class III ( orthokal) 
5) Digital Vernier caliper (Aerospace) 
6) 3shape Trios Pod intraoral scanner 
7) 3shape OrthoAnalyzer 2015 1.6.1.1 software 
8) 3shape Trios Pod with Intel i7 Alienware Laptop 
9) Windows 10 operating system, 17.3 inches screen size with  resolution of 
1920 x 1080 pixels 
10)  Dell Optiplex 7040 Computer System 
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       Polyvinyl siloxane impression material (Elite P & P hydrophilic) Zhermack 
 
 
Alginate impression material (Neo colloid Zhermack) 
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Digital Vernier caliper (Aerospace) 
 
 
 
Measuring mesiodistal with of an alginate model using Digital Vernier caliper 
(Aerospace) 
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Alginate impression models (40 sets) 
 
 
Polyvinyl siloxane impression models (40 sets) 
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3shape Trios Pod intraoral scanner with  
3shape Trios Pod wiht Intel i7 Alienware Laptop  
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Segmentation of maxillary model: Marking set points using 3shape 
OrthoAnalyzer 2015 1.6.1.1 software in a Dell Optiplex 7040 computer system 
 
 
Segmentation of maxillary model: Marking define cut points using 3shape 
OrthoAnalyzer 2015 1.6.1.1 software in a Dell Optiplex 7040 computer system 
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METHOD 
For plaster models: 
Impressions of upper and lower arch were made using alginate (Neo colloid 
Zhermack) 
Impressions of upper and lower arch were made using polyvinyl siloxane (Elite P & P 
hydrophilic) 
Models were made using orthodontic stone class III (orthokal) 
 
For digital models: 
3shape Trios Pod Intraoral scanner 
3shape Trios Pod with Intel i7 Alienware Laptop 
Dell Optiplex 7040 Computer System  
Windows 10 operating system 
Resolution of 1920 x 1080 pixels  
Measurements: 
 In the first method of measurement, a digital caliper was used to record teeth 
widths from the orthokal models in GROUP I (alginate).This  method of measurement 
was used  in  GROUP II (polyvinyl siloxane). The tips of the caliper were sharpened 
to allow accurate placement into the interproximal embrasures. The second method of 
measurement was done using ORTHOANALYZER software. Teeth widths were 
measured from the obtained digital images .The obtained software values were 
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considered as GROUP III.  Digital images were opened in the software and tooth 
widths were measured by marking “set points“ and measuring the mesial and the 
distal point distance.  To allow proper visualization of each tooth, the program's 
zoom, rotation, and panning features were fully utilized. Twenty four inch computer 
screen with a resolution of 1920 x 1080 pixels and 32 bit color along with a standard 
mouse were tested to manipulate the models and set points. Maximum mesiodistal 
diameter of each crown was measured between the anatomic contact areas when the 
teeth were correctly aligned. The Federation Dentaire Internationale System was used 
for tooth numbering. All recordings were made to the nearest 0.1mm. The anterior 
Bolton ratio and the overall Bolton ratio were then calculated for each patient using 
Bolton’s formula. 
 The Bolton’s anterior ratio and overall ratio were calculated using the formula: 
Sum of the mesiodistal width of mandibular 6 teeth / Sum of the mesiodistal width of                                         
maxillary 6 teeth x 100 = Anterior ratio (%)  
Sum of the mesiodistal width of mandibular 12 teeth / Sum of the mesiodistal width 
of maxillary 12 teeth x 100 = Overall ratio (%)   
 First the models in the Group I and Group II were measured using digital 
vernier caliper.  Replications were separated by 2 weeks to eliminate any recall bias. 
Validity is defined as the extent to which a measurement represents the object of 
interest. In this study, validity was considered to extent to which the measurements 
from the digital system agreed with the caliper measurements. Measurements made 
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with the caliper were taken to be the true values. Accuracy was judged as the 
closeness of the digital values to the caliper measurements. Reliability was considered 
to be the extent to which the measurements were repeatable under identical 
conditions. It refers to the ability of a device to produce consistent results and was 
gauged by the concordance between replications. 
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STATISTICAL ANALYSIS 
 To analyze the validity, overall comparison between three different groups 
were done using ANOVA (one way analysis of variance) with a p value of less than 
0.05. Further analysis was done using posthoc test with bonferronic correction to 
compare between individual groups. Similar analysis i.e. ANOVA and posthoc test 
was done for attaining the anterior and overall Bolton’s ratios.  To analyze the 
reliability intraclass correlation coefficient was done between two time intervals and 
R value was set based on: 
 < 0.2 – slight correlation; negligible relationship 
 0.2 – 0.4 - low correlation; weak relationship 
 0.4 -0.7 -   Moderate correlation; substantial relationship 
0.7 – 0.9 -   High correlation; marked relationship 
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Fig. 1 
Fig 1: Provides an overview of the data analysis. Measurements were used to 
investigate validity and reliability. Validity was assessed using ANOVA analysis and 
Posthoc test between recordings from the digital method and the caliper of the three 
groups. This was done for each tooth width, the mean tooth width, the overall Bolton 
ratio, and the anterior Bolton ratio. Bonferronic adjustment was done and the level of 
significance was set at both pvalue of <0.05.  
 Reliability was assessed with the intraclass correlation coefficient. A 
Reliability (r) was derived to determine the association between the replicate 
measurements. This was done for the manual and the digital replicates between the 
three groups.  
 
Examiner 
Alginate 
Polyvinyl 
siloxane 
Time 1 
Time 2 
Orthoanalyzer 
Software 
Reliability 
(r) 
Validity 
(ANOVA
) 
Mean 
Time 1 
Time 2 
Time 1 
Time 2 
Reliability 
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Reliability 
(r) 
Mean 
Mean 
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RESULTS 
 The validity of the OrthoAnalyzer was assessed considering the mesiodistal 
width and Bolton’s ratio. The results showed that the OrthoAnalyzer software is 
statistically significant from that of both the caliper methods. There were statistically 
significant differences between the mean tooth widths obtained with the caliper 
method and the OrthoAnalyzer software measurements (p < 0.05) for validity. Teeth 
measured using the digital method were, on average, 0.023 mm greater than those 
measured with the caliper measurements using alginate models with  95% confidence 
interval, (0.001- 0.92 ). Teeth measured using digital method were on average, 0.025 
mm greater than caliper measurements of Polyvinyl siloxane 95% confidence 
interval,(-0.363-0.333). Teeth measured using both caliper measurements (alginate, 
polyvinyl siloxane) on comparison showed no significant differences. Teeth measured 
using alginate were on an average 0.038 mm difference in comparison with the 
polyvinyl siloxane with 95% confidence interval.(-0.086 – 0.501). 
 Statistically significant differences (p<0.05) were found for approximately two 
third of the teeth in comparison with alginate  and OrthoAnalyzer software. The 
largest mean difference was 0.5 mm at the mandibular right molar, and  the smallest 
mean difference was -0.026 mm at the mandibular  right second premolar in 
comparison Statistically significant differences (p<0.05) were found for 
approximately two third of the teeth in comparison with polyvinyl siloxane and 
OrthoAnalyzer software. The largest mean difference was 0.535 mm at the 
mandibular right first molar, and the smallest mean difference was 0.195 mm at the 
mandibular left first premolar 
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 Statistically significant differences (P<0.05) were  found for approximately 
two third of the teeth in comparison with alginate and polyvinyl siloxane. The largest 
mean difference was 0.082 mm at the maxillary left first premolar, and the smallest 
mean difference was -0.002 mm at the mandibular left first canine. 
 The variances were greatest for the maxillary left canine and first premolar 
measurements (SD, 0.199 for Tooth 25  ; SD 0.197 for Tooth 23)  and smallest for the 
mandibular right  lateral  incisor and right central incisor  measurements (SD 0.103 
for tooth 41; SD, 0.107 for tooth 42) in comparison with  alginate and software . On 
comparing Polyvinyl Siloxane and OrthoAnalyzer software, the variances were 
greatest for the mandibular left second premolar and first molar measurements  
(SD,0.256 mm for  Tooth 35 ; SD 0.187 for Tooth 36)  and smallest for the  
mandibular right central incisor and lateral incisor measurements (SD 0.107 for tooth 
42; SD, 0.103 for  tooth 41). On comparing Alginate and Polyvinyl Siloxane, the 
variances were greatest for the mandibular right first molar and first premolar  
measurements (SD,0.187 mm for  Tooth 34; SD 0.179 for Tooth36) and smallest for 
mandibular right central incisor and lateral incisor measurements ( (SD 0.102 for 
Tooth 41; SD, 0.104 for tooth 42). 
 There were statistically significant differences between Bolton ratios for 
Alginate and OrthoAnalyzer software (p = 0.0001 and p = 0.001). The overall Bolton 
ratios and anterior Bolton ratios calculated from data gathered with the digital method 
were, on average 0.32 % and 0.27% greater respectively. There were statistically 
significant differences between Bolton ratios for Polyvinyl siloxane and  
RESULTS 
 
43 
 
OrthoAnalyzer software(p = 0.034 and  p= 0.032) statistically significant difference  
in overall Bolton ratio and anterior ratio respectively .  
 The overall Bolton ratios and anterior Bolton ratios calculated from data 
gathered with the digital method were, on average 0.62 % and 0.92 % greater 
respectively. There were no statistically Significant differences between Bolton ratios 
for Alginate and Polyvinyl siloxane  (p = 1.00 and p =1.00). The overall Bolton ratios 
and anterior Bolton ratios calculated from data gathered with the digital method were, 
on average 0.017% and 0.291% respectively. 
 The Pearson correlation between tooth-width replications showed reliability 
values of 0.99 for Digital, 0.98 for polyvinyl siloxane and 0.90 for Alginate 
measurement techniques. Scatter plots of the differences between replicates ( Graph 
1,2 and 3) show a mean overestimation of tooth widths at the second measurement by 
0.07 (range, 0.0097 – 0.0082 mm) when using  the alginate caliper measurements. 
The caliper measurements using polyvinyl siloxane   and 0.04 mm  (range, 0.0097 - 
0.0088 mm). The measurements using OrthoAnalyzer software shows   0.02 mm 
(range, 0.0092 - 0.0087mm).  
 The correlation coefficients for repeated overall Bolton ratios were 0.99 and 
0.98, and 0.90 for OrthoAnalyzer software, polyvinyl siloxane and Alginate 
respectively. The correlation coefficients for repeated anterior l Bolton ratios were 
0.99 and 0.98, and 0.90 for OrthoAnalyzer software , Polyvinyl siloxane and Alginate 
respectively.  
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Table 2 to 5 shows the validity of Group III among the conventional methods 
for measuring the mesiodistal tooth widths. 
 Table 2 shows the overall comparison between the three groups in the 
ANOVA (analysis of variance) which shows significant p values in all the teeth               
(p < 0.05). 
 Table 3 shows the comparison between Group III and Group II which shows 
that there was statistical significant difference with p values of <0.05 in all teeth 
except in 16, 25, 35 and 45. The mean difference between the two groups was 0.259.  
 Table 4 shows the comparison between Group III and Group I which using 
posthoc test shows that there were statistical significant difference with p value <0.05 
in all teeth except in 16,15 ,25, 26, 35, 32 and 46. The mean difference between the 
two groups was 0.234. 
 Table 5 shows the comparison between Group I and Group II in the validity 
test using posthoc test which shows no significant difference between two groups. 
The mean difference between the two groups was 0.038. 
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Table 02: Comparison of Tooth widths between three different groups for 
validity using ANOVA 
 Mean± S.D ANOVA 
Teeth ALG PVL OAS F value P value 
16 9.85 9.82 10.10 4.52 0.013* 
15 6.64 6.61 6..90 3.09 0.049* 
14 6.96 6.99 7.28 6.87 0.002* 
13 7.83 7.80 8.10 4.17 0.018* 
12 6.89 6.85 7.15 2.91 0.058* 
11 8.68 8.67 8.94 4.17 0.113 
21 8.72 8.66 8.94 2.91 0.116 
22 7.01 7.02 7.31 2.22 0.0611 
23 7.76 7.73 7.99 2.19 0.074 
24 7.03 6.94 7.26 2.85 0.016* 
25 6.2 6.38 6.69 2.66 0.006* 
26 9.9 9.95 10.20 4.29 0.040* 
36 10.71 10.66 10.95 5.36 0.142 
35 6.82 7.09 7.10 3.31 0.461 
34 7.22 7.44 7.48 1.98 0.414 
33 6.823 6.763 7.17 0.77 0.020* 
32 6.06 6.03 6.31 0.89 0.067 
31 5.33 5.46 5.69 4.06 0.041* 
41 5.53 5.52 5.80 2.77 0.007* 
42 6.02 5.99 6.33 3.28 0.004* 
43 6.82 6.80 7.07 5.83 0.082 
44 7.17 7.15 7.39 2.55 0.176 
45 6.59 6.99 6.88 1.76 0.014* 
46 10.50 10.7 11.02 4.40 0.139 
 
*p<0.05; 1p<0.000 
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Table 03: Posthoc analysis between Group III and Group II software with 
bonferronic correction 
Tooth Group III Group II 
Difference   
Mean Mean Lower limit Upper limit SD p value 
16 10.10 0.029 0.031 0.558 0.149 0.583* 
15 6..90 0.029 0.558 0.601 0.132 0.0031 
14 7.28 0.029 0.021 0.529 0.113 0.0001 
13 8.10 0.030 0.601 0.579 0.127 0.0001 
12 7.15 0.029 0.060 0.621 0.145 0.010* 
11 8.94 0.027 0.529 0.629 0.154 0.0001 
21 8.94 0.028 0.025 0.626 0.147 0.0001 
22 7.31 0.029 0.579 0.643 0.150 0.0001 
23 7.99 0.025 0.026 0.544 0.132 0.0001 
24 7.26 0.031 0.081 0.585 0.127 0.0001 
25 6.69 0.031 0.061 0.558 0.153 0.135 
26 10.20 0.025 0.025 0.540 0.142 0.049* 
36 10.95 0.029 0.090 0.675 0.187 0.040* 
35 7.10 0.021 0.059 0.633 0.256 0.076 
34 7.48 0.019 0.048 0.191 0.187 0.0001 
33 7.17 0.026 0.003 0.529 0.124 0.0001 
32 6.31 0.027 0.039 0.584 0.123 0.028* 
31 5.69 0.023 0.011 0.580 0.144 0.0041 
41 5.80 0.027 0.003 0.511 0.103 0.009 
42 6.33 0.024 0.007 0.410 0.107 0.056* 
43 7.07 0.023 0.005 0.587 0.133 0.0001 
44 7.39 0.029 0.010 0.576 0.129 0.0001 
45 6.88 0.028 0.001 0.112 0.121 0.066 
46 11.02 0.053 0.920 0.920 0.169 0.0041 
 
 Mean Difference  0.025 
                  SD (Corrected)        0.143 
 Limits of agreement 0.001-0.920 
*p<0.05; 1p<0.005 
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Table 04: Posthoc analysis between Group I and Group III software with 
bonferronic correction 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*p<0.05; 1p<0.005 
                   Mean Difference 0.023   
 SD (Corrected)  0.147  
 Limits of agreement    -0.363-0.333 
   
Tooth Group I Group III 
Difference   
Mean Mean Lower limit Upper limit SD p value 
16 9.85 -0.026 -0.530 0.004 0.124 0.159 
15 6.64 -0.026 -0.571 0.051 0.122 0.158 
14 6.96 -0.032 -0.556 0.088 0.139 0.0001 
13 7.83 -0.026 -0.542 0.012 0.172 0.0001 
12 6.89 -0.025 -0.578 0.068 0.151 0.0001 
11 8.68 -0.026 -0.614 0.094 0.161 0.0001 
21 8.72 -0.022 -0.563 0.123 0.125 0.0001 
22 7.01 -0.020 -0.655 0.045 0.150 0.0001 
23 7.76 -0.022 -0.516 0.066 0.199 0.0001 
24 7.03 -0.026 -0.503 0.038 0.182 0.0001 
25 6.2 -0.024 -0.513 0.016 0.199 0.072 
26 9.9 -0.028 -0.545 0.026 0.119 0.030 
36 10.71 -0.026 -0.627 0.137 0.159 0.002* 
35 6.82 -0.026 -0.898 0.333 0.190 0.852 
34 7.22 -0.025 -0.363 0.310 0.175 0.0001 
33 6.823 -0.026 -0.529 0.005 0.186 0.0001 
32 6.06 -0.026 -0.562 0.062 0.123 0.222 
31 5.33 -0.021 -0.710 0.015 0.144 0.007* 
41 5.53 -0.024 -0.504 0.030 0.103 0.0001 
42 6.02 -0.023 -0.579 0.041 0.107 0.0001 
43 6.82 -0.024 -0.567 0.072 0.133 0.0001 
44 7.17 -0.021 -0.554 0.124 0.129 0.0001 
45 6.59 -0.002 -0.565 0.014 0.121 0.0001 
46 10.50 -0.032 -0.872 0.112 0.119 0.690 
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Table 05: Posthoc analysis between Group II and Group I with                     
bonferronic  correction 
Tooth Group II Group I 
Difference   
Mean Mean Lower limit Upper limit SD p value 
16 9.82 0.027 -0.336 0.391 0.176 0.942 
15 6.61 0.030 -0.292 0.352 0.131 0.971 
14 6.99 -0.027 -0.302 0.247 0.122 0.977 
13 7.80 0.037 -0.271 0.346 0.122 0.640 
12 6.85 0.042 -0.309 0.394 0.143 1.000 
11 8.67 0.012 -0.363 0.388 0.144 0.962 
21 8.66 0.062 -0.296 0.421 0.137 0.818 
22 7.02 -0.012 -0.378 0.353 0.147 0.988 
23 7.73 -0.027 -0.293 0.348 0.131 0.970 
24 6.94 0.082 -0.226 0.391 0.125 0.767 
25 6.38 0.045 -0.328 0.418 0.150 0.232 
26 9.95 -0.005 -0.351 0.341 0.139 0.847 
36 10.66 0.047 -0.406 0.501 0.179 0.513 
35 7.09 -0.265 -0.886 0.356 0.155 0.750 
34 7.44 -0.717 -0.086 1.651 0.187 0.744 
33 6.763 -0.002 -0.304 0.299 0.114 0.677 
32 6.03 0.022 -0.278 0.323 0.121 0.660 
31 5.46 -0.013 -0.480 0.220 0.141 0.349 
41 5.52 0.007 -0.243 0.258 0.102 0.212 
42 5.99 0.032 -0.229 0.294 0.104 0.058 
43 6.80 0.020 -0.304 0.344 0.123 0.897 
44 7.15 0.022 -0.292 0.337 0.127 0.955 
45 6.99 0.002 -0.293 0.298 0.111 0.264 
46 10.7 -0.237 -0.891 0.416 0.159 0.809 
 
 Mean Difference  -0.038  
 SD (Corrected)  0.137 
 Limits of agreement -0.086–0.501 
  *p<0.05; 1p<0.001 
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 Table 6 to 9 shows the validity of Group III among the conventional methods 
for measuring the Bolton’s ratios. 
 Table 6 shows the comparison of anterior and over all Bolton’s ratios between 
the three groups. The overall Bolton’s mean and standard deviation obtained for 
Group I, Group II and Group III were 91.88± 0.28 , 91.86 ± 0.27 and 92.25 ± 0.35  
respectively. It shows a mean value of increased overall Bolton’s ratio in all the 
groups which were greater than the normal 91.3%. 
 The Anterior Bolton’s mean and standard deviation obtained for Group I, 
Group II and Group III were 77.97 ± 0.31, 78.26 ± 0..36 and 79.22 ± 0.44  
respectively. All the values showed greater mean values than that of the normal 77.2. 
The overall and anterior Bolton ratio showed statistical significant difference with a p 
value < 0.05. 
Table 7 shows the comparison of Overall and Anterior Bolton analysis 
between Group I and Group III using posthoc test.  There was statistical significant 
difference between the two groups in both Overall Bolton’s ratios and Anterior 
Bolton’s ratios. 
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Table 06: Comparison between three different groups for validity test Overall 
and anterior Bolton’s ratios using ANOVA 
 
 Mean± S.D ANOVA 
 ALG PVL OAS F value P value 
OBR 91.88+_ 
0.28 
91.86 +_ 
0.27 92.25+_ 
0.35 
7.91 0.0011 
ABR 77.97 +_ 
0.31 
78.26+_ 
0.36 
79.22+_ 
0.44 
7.23 0.0011 
 
Table 07: Posthoc analysis between Group I and Group III for Overall and 
Anterior Bolton’s ratios 
 Group I vs  Group III 
                               Difference   
Mean Lower limit Upper limit SD p value 
OBR 0.32 0.12 0.52 0.290 0.00011 
ABR 0.27 0.95 0.45 0.328 0.0011 
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Table 8 shows the comparison of Overall and Anterior Bolton analysis 
between Group II and Group III using posthoc test.  There was no statistical 
significant difference between the two groups in Overall Bolton’s ratios whereas it 
showed significant difference in anterior Bolton ratios. 
Table 9 shows the comparison of Overall and Anterior Bolton analysis 
between Group I and Group II using posthoc test.  There was no statistical significant 
difference between the two groups. 
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Table 08: Posthoc analysis between Group III and Group II for Overall and 
Anterior Bolton’s ratios 
 Group III and Group II 
Difference   
Mean Lower limit Upper limit SD p value 
OBR 0.62 -1.11 2.35 0.714 0.032* 
ABR 0.90 -0.86 2.68 0.731 0.034* 
 
Table 09: Posthoc analysis between Group II and Group I for Overall and 
Anterior Bolton’s ratios 
 Group II and Group I 
Difference   
Mean Lower limit Upper limit SD p value 
OBR 0.017 -1.71 1.75 0.71 1.00 
ABR -0.291 -2.06 1.48 0.73 1.00 
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 Table 10, Graph 1, 2 and 3 shows the reliability of Group I, Group II and 
Group III considering the mesiodistal tooth widths and Bolton’s ratios. 
 Table 10: shows the intraclass correlation coefficient to assess the reliability 
of the three different groups taken at two time intervals as given in Graph 1,2,and 3. 
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Table 10: Intraclass correlation coefficient between two time intervals for 
reliability analysis 
Groups 
Average mean 
R Value Inference 
Time 1 Time 2 
Mesiodistal 
tooth widths 
Group I  7.477 7.554 0.90 Good 
Group II  7.500 7.348 0.98 Excellent 
Group III 7.789 7.789 0.99 Excellent 
Overall 
bolton 
ratio 
Group I  91.88 92.00 0.90 Good 
Group II  92.13 92.23 0.98 Excellent 
Group III 92.25 92.25 0.99 Excellent 
Anterior 
bolton ratio 
Group I  77.65 77.97 0.90 Good 
Group II  78.00 78.26 0.98 Excellent 
Group III 79.22 79.22 0.99 Excellent 
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 Graph 1: Scatter plot graph is shown to illustrate the reliability of the tooth 
widths taken in time 1 and time 2 in Group I which showed good correlation between 
the two measurements with an r value of 0.90.  
 Graph 2: Scatter plot graph is shown to illustrate the reliability of the tooth 
widths taken in time 1 and time 2 in Group II which showed excellent correlation 
between the two measurements with an r value of 0.98 
 Graph 3: Scatter plot graph is shown to illustrate the reliability of the tooth 
widths taken in time 1 and time 2 in Group III which showed excellent correlation 
between the two measurements with an r value of 0.99. 
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Graph 01: Scatter plot graph for Group I at two time intervals 
 
 
Graph 02: Scatter plot graph for Group II at two time intervals 
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Graph 03:  Scatter plot graph for Group III software at two time intervals 
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DISCUSSION 
 Orthodontic diagnosis and treatment planning depends on the analysis of tooth 
size discrepancies. Orthodontic study models are the main criteria for diagnosis and 
treatment planning. Tooth size discrepancy is defined as the disproportion between 
the sizes of the individual teeth. It is considered as the important variable especially in 
the anterior segment and has even been described as the seventh key of occlusion6 In 
the early period, many authors like Neff, Ballard and lundstrom had attempted to 
quantify this relationship however it was Bolton in 1958 who denoted the specific 
ratios of the mesiodistal width that exists between maxillary and the mandibular 
dentition  both from canine to canine and from first molar to first molar  in order to 
obtain an optimum occlusion. 
 According to Bolton the purpose of the tooth size discrepancy ratio as a 
diagnostic aid is “to gain insight into the function and esthetic outcome of a given 
case without the use of keslings diagnostic setup. Though Bolton’s analysis is 
considered as the gold standard for predicting interarch tooth size discrepancies, this 
study aims in comparing the validity and reliability of the values between two 
methods namely vernier calipers and digital software measurements2. 
 Digital imaging technology in the field of dentistry has emerged as one of the 
most important aspects of diagnosing and treatment planning. The biggest problem 
faced by orthodontists is the storage of dental casts for future reference. Digital 
imaging is much more advanced than plaster models in storage, retrieving and sharing 
of information. 
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 In the present study 40 patients above 18 years of age from Kerala were 
selected. Each one set of alginate and polyvinyl siloxane impression were made for 
the patient and the Orthokal models were poured immediately. Digital models were 
obtained by using Trios Pod 3shape intraoral scanner and the digital values were 
attained using OrthoAnlayzer software. Linear measurements of each tooth 
(mesiodistal width) were calculated in the orthokal models using Aerospace digital 
vernier caliper. 
 According to Jennifer Asquith et al caliper measurements were regarded as the 
golden standard against which other measurement techniques were compared. Shellart 
et al calculated the Bolton’s analysis values using vernier calipers and needle point 
dividers. Here instead of vernier caliper, digital vernier caliper was used to eliminate 
the possibility of parallelex error. Aerospace digital caliper has two needle pointers 
which when placed at mesial and distal contact points automatically showed the width 
digitally.29 
 This study evaluated the validity and reliability of the 3Shape Trios pod 
intraoral scanner and its associated software in measuring mesiodistal widths and 
determining Bolton’s ratios. To compare the three groups, ANOVA (analysis of 
variance) was used and P value was calculated to find the significance level.  
Although there was a statistically significant difference between the tooth widths from 
the digital method and the caliper measurements obtained from alginate and polyvinyl 
siloxane groups. The tooth widths obtained from the alginate and polyvinyl siloxane 
groups showed increased values in comparison with the OrthoAnalyzer software 
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values in the validity check. While assessing the Reliability the correlation coefficient 
in group III which shows OrthoAnalyzer having a value of 0.99 which is an excellent 
correlation coefficient. 
 Dental cast analysis play a vital role in clinical orthodontic practice for both 
diagnosis as well as for predicting and assessment of the treatment outcome. 
Literature review stated that there are no universal standard for defining the accuracy 
of a study model.5 
 With the advancement of technologies orthodontists are exposed to new tools 
that help in providing more accurate diagnosis and treatment planning. In present era 
with nearly every other aspect of health records becoming digital attempt was made 
for digitalization of orthodontic study model. 
 Though the diagnostic information from plaster models that are converted to 
digital files is highly accurate, this is not a method that can be followed in the long 
run. Attempts have been made to generate digital models from CBCT scans and the 
accuracy of data from these CBCT scans were highly reliable. But there is practical 
difficulty in exposing the patients to unnecessary radiations to obtain digital models 
 The digital models obtained from that intraoral scanner eliminate the inherent 
problem related to model storage. They also have further potential benefits such as: 
 Instant accessibility of 3D information without need for retrieval of plaster 
model from storage area  
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 Ability to perform accurate treatment planning and diagnostic set ups for 
various orthodontic cases. 
 Virtual images can be transferred anywhere in the world for referral and 
consultations.5 
 
The working principle of the intra oral scanner used in this study is the basic 
principle of cone focal microscope. Light rays emitted parallel on to the surface to be 
scanned are backscattered in the same optical path and in proportion of the focus to 
object distance are displayed on different depth field levels with corresponding 
sharpness. This in turn allows the 3D calculation of scanned object5 
 In this study, models were collected using three methods. First maxillary and 
mandibular alginate impressions were taken and poured using orthokal. Second 
polyvinyl siloxane impressions were taken and poured using orthokal within 24 hours. 
Analysis of alginate and polyvinyl siloxane models were done manually using vernier 
caliper. Third method of model collection was done using intraoral scanner, where the 
dentition was scanned using 3Shape intraoral scanner and the analysis of the digital 
models were done using OrthoAnalyzer software. 
  The present study compared the validity and reliability of intraoral dental 
scanner; impression material retrieved orthokal models were examined. The 
parameters that were considered in this study are the mesiodistal tooth widths and 
Bolton’s ratios. 
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 Validity is considered as the extent to which 3Shape intra oral scanner derived 
digital model is measured against normal orthokal models obtained from alginate and 
polyvinyl siloxane impressions. The study revealed that there was a significant 
difference in the mesiodistal tooth widths and Bolton’s ratio on comparing the 
measurements from the digital model and the orthokal model. A statistically 
significant difference is seen in one third of teeth. This result is in accordance with the 
study done by Gustavo Adolfo et al where they studied the validly of measurements 
obtained from Cecile 3 digital models. They found that plaster and Cecile 3 digital 
models presented difference in mesiodistal tooth width measurements, intercanine 
distance, intermolar distance, overjet and overbite.54 
 Reliability was considered as the extent to which, measurements was 
repeatable under identical conditions between 3Shape intra oral scanner derived 
digital models with the plaster models. The result of the study showed that the tooth 
width replication by both methods showed a reliable value. In a study by Ursus R 
Schimer et al they evaluated the accuracy and reliability of computer aided space 
analysis.11They compared 3D orthodontic dental casts with photocopies of stone 
models. They found out that dental casts cannot be accurately reproduced on 
photocopies hence accurate space analysis from photocopies is not possible. In 
another study done by Kazuo Hayashi et al they studied the accuracy and reliability of 
SureSmile OraScanner with Vivid910 Scanner and R700 scanner.55 They found out 
that all these scanners are sufficiently accurate when compared with gold standard and 
there was no significant difference in the reliability between all these comparisons.  
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SUMMARY AND CONCLUSION 
 The study was done to compare and evaluate the validity and reliability of 
tooth widths and Bolton ratios obtained from intraoral scanner and plaster models got 
using alginate and polyvinyl siloxane impression material. In this study 40 subjects 
were selected based on the criteria of full complement of permanent teeth present 
from right first molar to left first molar in both upper and lower arches. Models were 
collected by three methods using alginate, polyvinyl siloxane and intraoral scanner. 
Comparisons were done between all the three groups considering tooth widths and 
Bolton ratios accordingly.  
The data was subjected to statistical analysis and the study concluded that, the 
value obtained from the OrthoAnalyzer software showed a higher values in terms of 
tooth width and boltons ratio as compared with the alginate and polyvinyl siloxane 
impression models. The validity of the tooth width and Boltons ratio measured 
between alginate and polyvinyl siloxane models showed no significant difference. So 
the plaster models are still the best method for measuring tooth width and Bolton 
ratio. The intraoral scanner group showed higher reliability when compared to the 
alginate and the polyvinyl siloxane groups.   
For more accurate measurements, intraoral scanning technology needs to 
advance with smaller cameras with higher resolution and faster acquisition time. With 
more advancement in technology, more precise scanners are needed to reproduce the 
exact intra oral details and can be used as an alternative to the plaster models. Further 
research is required on the validity of the intraoral scanner in the nearby future which 
could be matched with the plaster model. 
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